The vaso-occlusive process characteristic of sickle cell disease produces a variety of lesions in the eye. Although most widely recognised in the conjunctival vessel anomalies and in ischaemia of the retinal periphery with proliferative sickle retinopathy, the iris vessel system may also be affected. Iris atrophy has been previously reported in six eyes of three patients, all with sickle cell-haemoglobin C (SC) disease,'" but no assessments of prevalence have been possible. The screening of large numbers of patients with sickle cell disease in Jamaica has detected 26 patients with iris atrophy, allowing an assessment of the prevalence, risk factors, associated clinical features, and characteristics of this complication.
Material and methods
The patients attended the Sickle Cell Clinic of the University Hospital of the West Indies, Kingston, Jamaica, and a group of peripheral sickle cell clinics operated by the staff of the Medical Research Council (MRC) Laboratories. During the period The extent of sectoral iris atrophy was measured circumferentially by clock hours and radially with the collarette and contraction furrows as landmarks. Non-sectoral atrophic patches in the iris were measured as diameter in millimetres. Histological examination of iris atrophy was possible in one patient who died during the course of the study.
Results
Iris atrophy was present in 31 eyes of 26 patients. In two eyes (both SC females), the iris atrophy occurred as part of the syndrome of anterior segment ischaemia, and in one SS female patient an atypical sectoral iris atrophy was noted in an eye which had previously been operated on for detached retina. In three eyes (one SS male, two SC males), a history of trauma and notching of the pupil with or without angle recession suggested that trauma may have been causally related to the iris atrophy. There remained a group of 25 eyes in 22 patients in whom the likely cause of iris atrophy was a sickle cell related occlusion of the vascular supply of the iris ('spontaneous' iris atrophy).
In this spontaneous group there were two patients with SS disease (one male, one female) and 20 patients with SC disease (17 male, three female). 16 The crude prevalence rates (Table 1) confirm the complication to be most common in males with SC disease. The age of onset was unknown, since in none of the 'spontaneous' cases was the onset of iris atrophy prospectively recorded, but the complication appeared to be more common with advancing age (Table 2) . Iris atrophy affected the right eye in 12 patients, the left in seven, and was bilateral in three (all SC males), the difference in right/left distribution failing to reach significance at the 5% level. The pattern of iris atrophy was confined to sectoral involvement limited to the pupillary margin in two eyes (type 1), extending radially from the pupillary margin to the collarette (type 2) in nine eyes, and to the contraction furrows (type 3) in nine eyes. Atrophy was confined to circumscribed areas measuring 1-4 mm diameter in the ciliary zone in four eyes. One patient had both a type 3 radial involvement from 9 to I o'clock and a separate lesion in the ciliary zone at 5 o'clock ( Fig. 1 ).
The extent of circumferential involvement by sectoral lesions varied from 300 to 1800 with a median of 900. The 21 sectoral lesions affected predominantly the temporal side in 16 eyes and the nasal side in five eyes, the difference being significant at the 5% lqvel. Of the five ciliary lesions four occurred in nasal sectors and one at 6 o'clock.
Atrophic areas appeared thinned and flat with loss of the normal folds of stromal tissue ( Fig. 2) , and appeared to affect predominantly the anterior border layer and stromal tissue. In sectoral lesions the pupillary margin was always affected, with loss of the normal pupillary frill and occasionally rupture of the pupillary margin (Fig. 3) (seven patients) confirmed that the atrophic areas were avascular. Leakage of fluorescein was generally confined to the margin of the atrophic areas (Fig. 5 ), but occasionally a spotty leakage was observed over the whole surface of the iris (Fig. 6 ). The histopathology of iris atrophy was studied in a 68-year-old male with SS disease in whom a sectoral necrosis from 9 to 12 o'clock extended from the pupillary margin to the contraction furrows of the right eye. Pathological examination showed necrosis between the midzone of the iris and the pupillary margin, generally affecting the anterior part of the stroma, though there was a full-thickness infarction of the iris at one site (Fig. 7) . The dilator and sphincter pupillary muscles were involved by infarction and atrophy was visible adjacent to the infarcted area. Areas of infarction were seen at the root of the iris. The pigment epithelium was generally intact and appeared to be spared by the infarctive process, but pigment from necrotic melanocytes in the stroma was dispersed and removed from infarcts at later stages. There was focal ischaemic necrosis and atrophy with coagulative necrosis of blood vessels and stroma. Endothelial cell nuclei failed to stain, leaving ghosts of blood vessels amid dissociated wisps of stromal fibres. Blood vessels in the ciliary body contained sickled red blood cells, but there was no evidence of organized thrombus, vessel wall thickening, or of an active inflammatory process.
The preponderance of iris atrophy among SC males raises the possibility of an association with proliferative sickle retinopathy (PSR), which is also recognised to be most common in this group. This analysis was confined to male SC patients in whom 212 eyes were observed for both iris atrophy and PSR. Iris atrophy occurred in 19%M of eyes affected by PSR but was observed in only 2% of eyes without PSR ( patients with iris atrophy tended to have lower levels of fetal haemoglobin and higher values for mean cell volume (MCV) and reticulocyte count, but none of the differences were significant at the 5% level. In view of the strong relationship between iris atrophy and PSR, and of the previously established relationship of PSR with higher MCV and lower HbF, the lack of significant relationships with iris atrophy was surprising but probably simply reflected the small size of the study group.
Discussion
Iris atrophy has been previously reported in only three patients with sickle cell disease,' giving the impression that this is an uncommon finding. The current report describing 31 affected eyes indicates that it is relatively common. Some of these cases have well recognised causes such as anterior segment ischaemia; involvement of a single eye in a female with SS disease was excluded from the series, since it may have been secondary to retinal detachment surgery. Trauma is also a well documented cause, and three further cases were excluded as being possibly attributable to this. All had a history of moderate trauma, all had notching of the pupil one showed mild angle recession, but none had evidence of radial splits or iridodialysis. None of the remaining cases had evidence of other known causes such as quinine3 or herpes zosterj and there remained a group of 25 eyes in 22 patients who were presumed to have 'spontaneous' iris atrophy associated with sickle cell disease. This finding is reported for the first time in two patients with SS disease but is most common in male patients with SC disease, occurring in nearly 15% of this group. This prevalence is probably broadly representative of the patients at risk, though may be affected by a variety of selection biases. Since vasoocclusion is believed to occur more frequently in SS disease, the greater prevalence of iris atrophy in SC disease is an unexpected finding. It is known that PSR occurs much more frequently in SC disease, but this was believed to be because the greater vaso-occlusive tendency in patients with SS disease occluded the abnormal vessel systems that preceeded PSR, thus inhibiting its development. It would be difficult to envisage how such a mechanism could contribute to the high prevalence of iris atrophy in SC disease.
The highly significant association between iris atrophy and PSR in the same eye imples that, if clinical examination detects iris atrophy, there is a 90% chance of PSR occurring in the same eye. This association also suggests that there may be common risk factors for the two complications. However, analysis of certain haematological indices known to be significantly associated with PSR in SC disease5 failed to show significant differences between cases with and without iris atrophy, though there were similar trends, and the lack of significance may have simply reflected the small numbers available for analysis.
The mechanism of vaso-occlusion in the iris is not understood. Although macroscopically the infarcted areas did not appear to extend peripheral to the contraction furrows, the histopathology in the one examined case showed areas of necrosis extending to the root of the iris. The blood supply of the iris is derived from a greater arterial circle in the root of the iris, radial vessels coursing towards the pupillary margin, and a minor arterial circle at the level of the collarette. The area between the collarette and the pupillary margin has the greatest density of fine vessels, and yet this is the region most frequently affected by infarction. Studies of iris circulation by fluorescein angiography in patients with blue irides6 have indicated that iris vessels fill more slowly than those in the retina or choroid and that the central part of the iris fills much more slowly than the root, the nasal vessels filling before the temporal vessels. These observations are compatible with the observed pattern of iris atrophy in these patients, which affected predominantly the pupillary margin and central areas, and the temporal side more frequently than the nasal. Unfortunately fluorescein angiography in patients with brown irides is much less informative because of pigment in the iris stroma, and only poor vessel detail is available. A patient studied by Galinos et al.' had a peripupillary neovascular network and a vascular formation resembling a sea fan, though the patient also had diabetes mellitus, suggesting an alternative aetiology for these changes. In the present study fluorescein angiography of the iris in nine eyes revealed almost no vessel details, though atrophic areas appeared to be avascular, and spotty leakage of dye from clinically unaffected areas suggested a more widespread vessel abnormality.
Much remains to be learnt about the factors contributing to iris atrophy in sickle cell disease. Although this complication is of limited functional significance, the mechanisms involved may be instructive for the understanding of vaso-occlusion elsewhere in sickle cell disease.
